The mucosal immune system includes mucus mem branes of the gut, respiratory and urogenital tracts. 
Mucosal tissues of the body have certain unique immunological features that distinguish them from the systemic immune system. Epithelial and lym-phoid cells that participate in immune responses of mucosal tissues belong to the mucosal immune system. Traditionally, the mucosal immune system is defined to include mucosa-associated lymphoid tissue (MALT) of the gastrointestinal tract (GALT), bronchial tree (BALT) and the urogenital tract. 1 Significantly, the conjunctiva has not been included as part of the mucosal immune system. There are, however, several anatomical and functional similar lities between conjunctiva-associated lymphoid tissue (CALT) and GALT and BALT, suggesting that the conjunctival mucosa is an integral part of the mucosal immune system?-4
Conjunctival lymphocytes are dispersed within the epithelium and form a distinct layer in the substantia propria where, in places, they aggregate into follicles. The epithelium overlying the follicles is devoid of goblet cells, possesses elongated microvilli with few microplicae, and is modified to capture and present antigen. The intraepithelial lymphocytes are predom inantly CD8+ T cells (suppressor/cytotoxic) while those in the substantia propria are CD8+ and CD4+ T cells (helper/inducer cells) in equal proportions. The substantia propria also contains a small propor tion of B cells and mast cells. 5, 6 The distribution of T cell subsets and B cells in the conjunctiva is similar to that seen in the intestinal mucosa. In addition, the conjunctival epithelium has a large number of Langerhans cells and 'dendritic cells which also function as antigen-presenting cells? The conjunc tiva thus possesses the capability to capture, process and present antigen to lymphocytes. It is generally believed that activated lymphocytes travel from the conjunctiva to regional lymph nodes -(preauricular and submandibular) and from there enter the blood stream and gain access to the spleen. From the blood stream, by some as yet unknown homing me chanEye (1995) 9, 261-267 © 1995 Royal College of Ophthalmologists In a recent study, we reported the presence of mucosa specific lymphocytes, bearing the human mucosal lymphocyte antigen (HML-1), in the normal human conjunctiva and lacrimal gland.8 The HML-1 protein is a B7 integrin molecule. Integrins are surface proteins involved in adhesion of cells to extracellular matrix or in establishing cell-cell contacts.8,9 HML-1 positive (HML-1 + ) cells are also predominantly CDS+. They are unique to mucosal surfaces and have been abundantly demon strated in the mucosa of the gastrointestinal and respiratory tracts. In the conjunctiva, they have a predominant intra epithelial location, just anterior to the basement membrane, along the laterobasal surfaces of the basal epithelial cells? Only 1-2 % of peripheral blood lymphocytes express the HML-1 antigen. [9] [10] [11] [12] Functionally these intraepithelial lymphocytes (IELs) are believed to represent a distinct subpopu lation of lymphocytes that may have special functions in immunological defence and tolerance mechanisms that operate at mucosal surfaces9 and may also modulate some epithelial cell functions.4 HML-1 antigen may serve as a cell surface adhesion molecule that would interact with proteins expressed on the surface of epithelial cells and adjacent basement membrane allowing for specific mucosal homing and localisation of these cells.9,13 It has been established that adaptive immune mechan isms in MALTl4-17 and CALT18 selectively suppress, rather than enhance, immune responsiveness to antigens encountered by mucosal surfaces. Since HML-1 + lymphocytes belong to the suppressor/ cytotoxic (CDS+) subset, it is believed that these mucosaJspecific lymphocytes may play a significant role in tolerance induction.14 Abnormal reactivity of mucosa-specific IELs may play a part in the pathogenesis of inflammatory and neoplastic diseases of mucous membranes. Hyper plasia of intestinal IELs has been noted in coeliac
disease, coeliac-disease-associated T cell lymphomas, collagenous colitis, tropical sprue, giardisis and mild graft-versus-host disease. 4 In gastrointestinal carci nomas, however, the proportion of IELs was found to be similar to that found in normal intestinal epithelium. 19 The response of conjunctival IELs in inflammatory and neoplastic conditions of the conjunctiva has not been studied. In this study we examined the proportions and distribution of IELs in conjunctival intraepithelial neoplasia (CIN) and ocular cicatricial pemphigoid (OCP). Furthermore, we mapped the distribution of other lymphocyte subsets in these conditions. The immune architecture of CIN with regard to lymphocyte subsets has not previously been described.
METHODS
Biopsy specimens from 5 patients with clinically diagnosed CIN and 5 patients with OCP were studied. Clinical details of the patients are given in Table 1 . In addition, 5 necropsy specimens from 'normal' donor cadavers were studied and used as controls. All specimens were transported to the laboratory in a moist airtight container, spread onto cucumber lieces and snap frozen as described previously. ,2 0
Five micrometer thick serial cryosections of tissue were spread onto glass slides and stained with a panel of monoclonal antibodies against different lympho cyte subsets (Table II) , using the alkaline phospha tase anti-alkaline phosphatase (APAAP) technique.s HML-1+ cells were identified using Ber-ACT8 monoclonal antibody, which is a mouse monoclonal antibody against the HML-1 antigen. This antibody has been well characterised and details previously published.12 Briefly, Ber-ACTS is known to specifi cally stain mucosal intraepithelial CDS+ T lympho cytes in the gut and bronchus. Ber-ACTS reacts with' 1-3% of fresh, peripheral blood CDS+ T cells, but not with peripheral blood granulocytes, monocytes, CD4+ T cells and B cells. Ber-ACT8 stains more than 90% of IELs and 20-50% of lamina propria T cells in the small intestine and bronchial epithelium. It has also been shown that most Ber-ACTS positive cells are also CDS positive.12 Positive, red-stained cells, were counted through an entire section at-a magnification of x400 by two independent observers and averaged. Although sizes of serial sections of a given specimen were similar, section sizes differed from one specimen to the other. Comparisons between absolute cell counts could therefore not be made and ratios of CD8+ cells to CD4+ cells and CD8+ cells to HML-1 + cells were used. These ratios were not affected by size of sections.
RESULTS
Results of the cell counts in normal conjunctiva and in CIN and OCP are given in Table III . Although absolute cell counts varied from specimen to speci men, relative proportions of the different cell subsets were fairly constant and consistent.
Conjunctival Intraepithelial Neoplasia (CIN)
The diagnosis of CIN could be histopathologically confirmed in only 3 of the 5 biopsy specimens taken from patients with clinically diagnosed CIN. In 1 patient the histology was that of a pyogenic granuloma and in the other it showed a hyperplastic reaction with keratinisation. Proportions of cell subsets from the latter two were similar to that of normal conjunctiva and were excluded from the study. One striking observation was the marked increase in intraepithelial CD4+ lymphocytes in CIN (Fig. 1a) . The ratio of intraepithelial CD8+ICD4+ cells was 0.54 ::t 0.21, compared with 5.09 ::t 2.44 in normals, and the difference was statistically signifi cant (p = 0.02). The number of intraepithelial HML-1 + cells was also increased. The CD8+/HML-1 + ratio was 1.00, compared with 1.3 ::t 0.39 in normals, and (Fig. 1b, c) . Whereas HML-1+ cells were Absolute numbers of cells in the conjunctival distributed predominantly among the basal epithelial epithelium varied according to the degree of cells of normal conjunctiva, they were found keratinisation. Lymphocytes were distributed dispersed through all layers of neoplastic/dysplastic among the basal and suprabasal cells (Fig. 4a ) but epithelium (Fig. 2a, b) . In the substantia propria, were sparse to absent towards the parakeratinised although there was an increase in the CD8+ and and keratinised epithelium nearer the surface. The CD4+ cells, the ratio of these cells remained normal.
distribution of HML-1 + IELs followed a similar The CD8+/HML-1+ ratio in the substantia propria pattern. There was an increase in the number of was significantly increased, indicating an excess of lymphocytes in the substantia propria. These cells CD8+ cells which did not express the HML-1 were distributed predominantly in fibrovascular antigen. In one specimen, a marked lymphocytic fronds that extended between epithelial folds (Fig.  reaction (CD8+ and CD4+) could be seen around a 4b). In the epithelium, CD4+ cells were in excess of blood vessel located in the substantia propria normal with the CD8+/CD4+ ratio being 1.29 ± 0.88 adjacent to the basement membrane. Only an (p = 0.07) and the CD8+/HML-1 + ratio was not occasional cell in this infiltrate was positive for the significantly altered (1.4 ± 0.16). In the substantia HML-1 antigen (Fig. 3a, b) . The number of B cells in propria, the CD8+/CD4+ ratio was normal but the relation to tumour tissue were insignificant. In the CD8+/HML-1+ ratio was increased (4.9 ± 5.1) normal conjunctiva adjacent to tumour tissue, the reflecting the increase in CD8+ cells without a distribution of lymphocyte subsets including HML-1 corresponding increase in expression of the HML-1 cells followed a normal pattern.
antigen. 
DISCUSSION
The demonstration of HML-l+ mucosa-specific lymphocytes in the human conjunctiva and its ability to induce tolerance against encountered antigens clearly suggests that the conjunctiva is an integral part of the mucosal immune system. It is generally accepted that mucosa-specific IELs participate in defence mechanisms against microorganisms, toler ance induction against environmental allergens and modulation of epithelial cell function. 19 , 2 1 However, the exact role of HML-l antigen is not known.
Besides enabling cell-cell and cell-extracellular matrix communications, it has been implicated in specific homing of these lymphocytes to mucosal tissue. It has been hypothesised 9 , 13 that naive lymphocytes express a variable number of relatively non-specific homing receptors. Once a lymphocyte is activated in a particular tissue, cellular interactions within the microenvironment of that tissue may up regulate the expression of adhesion receptors specific for that tissue. At the same time expression of other adhesion receptors may be down-regulated. Such an increase in specific adhesion receptors would allow that lymphocyte to specifically home to, or function in, the given tissue. HML-l antigen may represent such a mucosa-specific adhesion receptor. It is interesting to note that in one specimen of CIN where a large number of CD8+ lymphocytes were present around a blood vessel in the substantia propria, only an occasional cell was positive for the HML-l antigen. However, within the epithelium, almost all CD8+ cells also expressed the HML-l antigen. This would indicate that any participation of HML-l antigen in homing mechanisms would become relevant only after the cells have left the vessels and entered the intraepithelial environment. One would have to postulate that the exodus of cells from the blood vessels is either non-specific or regulated by homing mechanisms not requiring the HML-l antigen. Once cells have entered the epithelial layers, only cells expressing HML-l antigen would be retained.
It is also interesting that HML-l + cells were present through all layers of neoplastic epithelium but only in relation to basal cells of normal epithelium. This would suggest that expression of HML-l antigen may be induced by rapidly dividing cells. The cytokine TGFB (transforming growth factor) is known to enhance the expression of HML-l antigen on CD8+ lymphocytes? It has also been demonstrated that proliferating malignant cells produce excess of TGFB.22 It is likely that neoplastic conjunctival cells produce excessive amounts of TGFB which in turn induces the expression of HML-l antigen on CD8+ lymphocytes. Similarly, the presence of HML-l + cells among basal and suprabasal cells in OCP probably reflects the epithelial hyperplasia that occurs in this condition. 23 Jarry et aZ19 studied the distribution of HML-l + cells in the epithelium of gastrointestinal carcinomas and their metastases. They did not find any difference in the IEL population from normal gut epithelium and suggested that even though the numbers were the same, some interactions between lymphocytes and epithelial cells may not be maintained in tumour epithelium. The significant increase in HML-l + cells in CrN noted in our study may be due to the tissue being dysplastic rather than frankly carcinomatous. Immunological dedifferentiation occurs in parallel with morphological dedifferentiation during carcino genesis?4 This could explain a difference in the host immune response between early neoplastic change (CIN) and frank neoplasia (carcinoma).
The presence of a large number of CD4+ cells and the increase in CD8+ cells in the epithelial layers of CIN is of interest and requires explanation. Malig nant tumours are known to elicit a chronic inflammatory response unrelated to tumour necrosis or infection. The infiltrate is comprised mainly of T cells and macrophages, indicating a cell-mediated response. This response may be partly due to tumour cells expressing antigens different from normal cells and being recognised as foreign by the host.25 This response may represent an attempt at tumour destruction or may just be an epiphenomenon. Several studies have examined the humoral and cellular immune changes that occur in OCP with similar results? 6 , 2 7 There is an increase in CD4+ cells in the epitheluim with a decrease in CD8+ICD4+ ratio and an increase in both CD4+ and CD8+ cells in the substantia propria. There is also an increase in B cells and plasma cells. Our results were similar to the above but we also looked at the subset of HML-l CD8+ cells. This subpopulation of cells did not show any significant change from normal, in the epithelium or substantia propria, suggesting that IELs do not participate in any significant manner in the immune responses that occur in OCP.
